Right ventricular function curves as measured by right ventricular stroke \\orli were normal in all control 1:111lbs, whereas t l~r e e of five Innll)s ~r i t h I~antletl pulmonary arteries had relatively flat curves. I.eft ventricular fi~nction \\.:IS similarly nornial in tlie control group as cornpared to a ne:lr zero slope function curve in the barlclctl group. I<egion:~l rnjocarclial I~lood flow to the scpturn and right and left ventricles was sinlilar in control and I)andecl I:~nlt)s. r\t rest right ventrirrrlar coronary vascular resistance !*;Is lower in the I)andetl tllan in the control group nntl decreasccl in both groups (luring I)oth isoproterenol ancl dcstrdn stress states. In general, 1~0th groups had a sinlil;lr ratio of right t o left ventricular osjgen supply to tlenlantl ratio. 'l'llcse results show first that there is nliriirnal, if any, I)iventricular functional reserve in lan~l)s wit11 persistent right ventricul:~r hypertension, ant1 sccontl, that there is sul)st:~ntial coronary vascular reserve in boll1 nornl:~l and bantlecl groups.
Right ventricular function curves as measured by right ventricular stroke \\orli were normal in all control 1:111lbs, whereas t l~r e e of five Innll)s ~r i t h I~antletl pulmonary arteries had relatively flat curves. I.eft ventricular fi~nction \\.:IS similarly nornial in tlie control group as cornpared to a ne:lr zero slope function curve in the barlclctl group. I<egion:~l rnjocarclial I~lood flow to the scpturn and right and left ventricles was sinlilar in control and I)andecl I:~nlt)s. r\t rest right ventrirrrlar coronary vascular resistance !*;Is lower in the I)andetl tllan in the control group nntl decreasccl in both groups (luring I)oth isoproterenol ancl dcstrdn stress states. In general, 1~0th groups had a sinlil;lr ratio of right t o left ventricular osjgen supply to tlenlantl ratio. 'l'llcse results show first that there is nliriirnal, if any, I)iventricular functional reserve in lan~l)s wit11 persistent right ventricul:~r hypertension, ant1 sccontl, that there is sul)st:~ntial coronary vascular reserve in boll1 nornl:~l and bantlecl groups.
Speculation
Although 110th right and left ventricul;tr function arc inlpairetl in neonatal lambs wit11 persistent right ventricular hjpertension. the etiology is unrle:~r. \Ye have tlcn~onstratecl right vcntricul:~r coronary vascular reserve in this group; ho\vcvcr, \vc clicl not test for further reserve in the clestran stress state. and tl~erefore c:~~lnot be certain that coronary bloocl flow \+as not nlasin~al in tllc c l c s t r :~~~ state ;~ncl hence ventricular f u~~c t i o n intpaired I)y inatlecluate osjgcn supply.
l a r . Normally a f t e r b i r t h r i g h t v e n t r i c u l a r p r e s s u r e decreases when pulnlonary v a s c u l a r r e s i s t a n c e f a l l s and t h e ductus a r t e r i o u s closes. However, r i g h t v e n t r i c u l a r s y s t o l i c h y p e r t e n s i o n may p e r s i s t i n a number of c o n g e n i t a l c a r d i a c d e f e c t s and i n n e o n a t a l pulmonary disease.
I n a d u l t animals a c u t e e l e v a t i o n o f r i g h t v e n t r i c u l a r s y s t o l i c pressures t o l e f t v e n t r i c u l a r l e v e l s i s p o o r l y t o l e r a t e d (3.6.10) .
one e x p l a n a t i o n f o r which i s inadequate r i g h t v e n t r i c u l a r coronary b l o o d f l o w (3.6,10,15,16) .
By c o n t r a s t , t h e t o l e r a n c e f o r increased r i g h t v e n t r i c u l a r pressures i n t h e e a r l y neonatal p e r i o d may be due t o g r e a t e r coronary v a s c u l a r reserve.
Although t h e n o r r r~l newborn l a r b h e a r t has l e f t v e n t r i c u l a r f u n c t i o n q u a l i t a t i v e l y s i m i l a r t o t h e a d u l t ( 8 ) . evidence o f l e f t v e n t r i c u l a r coronary v a s c u l a r r e s e r v e ( 8 ) . a t o l e r a n c e t o hypoxia (15) . and adequate response t o p o s i t i v e i n o t r o p i c agents (9) . r i g h t v e n t r i c u l a r f u n c t i o n a l r e s e r v e and coron a r y b l o o d f l o w i n normal newborn mammals and i n those w i t h r i g h t v e n t r i c u l a r h y p e r t e n s i o n has n o t been i n v e s t i g a t e d . While t h e f e t a l lamb has been shown t o have i m p a i r e d r i g h t v e n t r i c u l a r f u n c t i o n (11). we have p r e v i o u s l y shown t h a t f i v e t o t w e l v e week o l d lanbs w i t h p e r s i s t e n t r i g h t v e n t r i c u l a r h y p e r t e n s i o n c r e a t e d b y pulrronary a r t e r y bandinq a t two days o f age have r i g h t v e n t r i c u l a r h y p e r t r o p h y , n o m a l v e n t r i c u l a r end d i a s t o l i c pressures. and h i g h e r t h a n normal r i g h t v e n t r i c u l a r c o r o n a r y b l o o d f l o w b o t h a t r e s t and when s t r e s s e d ( 2 ) . We h y p o t h e s i z e d t h a t r i g h t v e n t r i c u l a r f u n c t i o n and c o r o n a r y b l o o d f l o w may be adequate i n neonatal lanibs e a r l y a f t e r pulmonary a r t e r y banding s i n c e e l e v a t e d r i g h t v e n t r i c u l a r a f t e r l o a d i s a c o n t i n u a t i o n o f t h e p r e n a t a l s t a t e . Accordi n g l y , we s t u d i e d r i g h t v e n t r i c u l a r f u n c t i o n a l r e s e r v e and coronary f l o w d u r i n g t h e f i r s t 18 days o f 1 i f e i n awake c o n t r o l and banded l a r b s a t r e s t and d u r i n g i s o p r o t e r e n o l and d e x t r a n i n f u s i o n s t r e s s e s .
METHODS
Ten lambs were o p e r a t e d upon twenty-four t o f o r t y -e i g h t hours a f t e r b i r t h . They were premedicated w i t h 5 mg o f diazepam (ValiunR). g i v e n 5 mg m e t h o h e x i t a l (~r e v i t a l a ) i n t r a v e n o u s l y , i n t u b a t e d w i t h an endotracheal tube and v e n t i l a t e d by a v o l u r e c o n t r o l l e d r e s p i r a t o r w i t h a m i x t u r e o f 50: n i t r o u s o x i d e and 501 oxygen c o n t a i n i n g 1: halothane. Under s t e r i l e c o n d i t i o n s , a l e f t thoracotomy was made i n t h e f o u r t h i n t e r c o s t a l space and t h e ductus a r t e r i o s u s l i g a t e d . P o l y v i n y l c a t h e t e r s (No. 5F) were p l a c e d i n t h e i n t e r n a l mamnary a r t e r y and v e i n , t h e l e f t a t r i u m v i a a pulnlonary v e i n branch. t h e l e f t pulmonary a r t e r y v i a a l e f t upper l o b e p u l n o n a r y a r t e r y branch. and t h e a o r t a through a p u r s e s t r i n g s u t u r e . A c a t h e t e r (So. 5F end h o l e ) was p l a c e d through a p u r s e s t r i n g i n t h e o u t f l o w t r a c t o f t h e r i g h t v e n t r i c l e .
I n f i v e larrbs we passed an urbil i c a l tape around t h e main pulrronary a r t e r y and c r e a t e d a s t e n o s i s by t i g h te n i n g t h e tape. We used e i t h e r a peak s y s t o l i c r i g h t v e n t r i c u l a r p r e s s u r e of a p p r o x i m a t e l y t w o -t h i r d s peak a o r t i c pressure, t h e development o f an a r r h y t hmia, o r a s i g n i f i c a n t decrease i n a o r t i c pressure. whichever o c c u r r e d f i r s t , as an end p o i n t i n narrowing t h e pulmonary a r t e r y .
The tape was then t i e d and t h e c h e s t closed. F i v e c o n t r o l lar,bs had i d e n t i c a l o p e r a t i v e procedures b u t f o r t h e p l a c e r e n t o f t h e pulmonary a r t e r y tape. The p e r i c a r d i u m was l e f t open i n a l l animals and a c h e s t tube was used f o r s e v e r a l hours t o i n s u r e f u l l l u n g expansion.
C a t h e t e r s were b r o u g h t o u t through percutaneous s t a b wounds i n t h e back and were flushed d a i l y w i t h d i l u t e h e p a r i n i z e d s a l i n e .
A l l l a n b s were s t u d i e d a t f i v e t o e i g h t e e n days a f t e r b i r t h . They were g i v e n o n l y l i q u i d s t h e n i g h t p r i o r t o study.
The n e x t day t h e y were l o o s e l y r e s t r a i n e d o n a t a b l e . Pressures were m o n i t o r e d w i t h Statham P-23Db p r e s s u r e transducers w i t h zero p r e s s u r e s e t a t t h e mid c h e s t and recorded on an e i g h t channel Beckman i n k o s c i l l o g r a p h . We used t h e r a Pressures. c a r d i a c o u t p u t , and n y o c a r d i a l b l o o d f l o w were measured i n each lar,b a t r e s t . Then i s o p r o t e r e n o l i n f u s i o n a t 0.1 micrograms p e r k i l o g r a m p e r m i n u t e was begun; measurements were u s u a l l y made a f t e r t e n minutes, when p r e ss u r e and h e a r t r a t e had been s t a b l e f o r a p p r o x i m a t e l y f i v e minutes. The i s op r o t e r e n o l i n f u s i o n was t h e n stopped. t h e lambs a l l o w e d t o r e s t f o r t e n t o f i f t e e n minutes u n t i l t h e h e a r t r a t e and pressures had r e t u r n e d t o p r e i s o p r ot e r e n o l i n f u s i o n values. A slow i n f u s i o n o f Dextran 70 was then begun and c o n t i n u e d u n t i l l e f t a t r i a l p r e s s u r e increased 8 t o 15 rmHg. o r a t o t a l of 75cc p e r k i l o g r a n had been infused.
U s u a l l y nieasurerrents were made a t two l e f t a t r i a l pressures i n t h i s s t a t e . Because 15 m i c r o n diameter spheres may n o t measure transmural myocardial b l o o d f l o w d i s t r i b u t i o n as a c c u r a t e l y as t h e f i l t e r e d 4 t o 12 m i c r o n diameter spheres and n o t as many can be given. t h e f i f t e e n m i c r o n d i a m e t e r I o d i n e spheres were always g i v e n l a s t . he k i l l e d t h e lamb w i t h i n t r a v e n o u s b a r b i t u r a t e and removed t h e h e a r t . The a t r i a l septum was i n s p e c t e d f o r patency o f t h e foranen o v a l e . The l a r g e c o r o n a r y a r t e r i e s , g r e a t v e s s e l s and f a t were removed from t h e h e a r t . The pulmonary v e i n s and vene cave were c u t c l o s e t o t h e a t r i a m . and t h e a t r i u m were d i s s e c t e d from t h e v e n t r i c l e s and from each o t h e r . The f r e e w a l l o f t h e r i g h t v e n t r i c l e was c u t away from t h e l e f t v e n t r i c l e and b o t h were d i s s e c t e d i n t o f o u r l a y e r s o f a p p r o x i m t e l y equal thickness.
The r y o c a r d i a l l a y e r s were weighed. p l a c e d i n v i a l s , and t h e g a m a r a d i o a c t i v i t y counted. A f t e r c o u n t i n g , t h e r i g h t v e n t r i c l e s o f a l l lambs were d r i e d a t 1100 C f o r 48 hours and r eweighed. A l l animals were examined f o r p l e u r a l e f f u s i o n , a s c i t e s , and hepatomegaly.
T r a d i t i o n a l l y , r i g h t v e n t r i c u l a r coronary v a s c u l a r r e s i s t a n c e i s c a l c ul a t e d by d i v i d i n g t h e d i f f e r e n c e between mean a o r t i c and r i g h t a t r i a l p r e s s u r e by r i g h t v e n t r i c u l a r c o r o n a r y b l o o d flow.
Here, r i g h t v e n t r i c u l a r coronary v a s c u l a r r e s i s t a n c e p e r u n i t w e i g h t was c a l c u l a t e d u s i n q t h e p r e s s u r e index (2.10) as t h e d r i v i n g pressure; t h e p r e s s u r e i n d e x i s t h e i n t e g r a t e d d i f f e r e n c e p e r m i n u t e between a o r t i c and r i g h t v e n t r i c u l a r pressures ( 1 0 ) . The reason f o r u s i n g t h e p r e s s u r e index i n s t e a d of a o r t i c p r e s s u r e i s because r i g h t v e n t r i c ul a r chamber p r e s s u r e may be t r a n s m i t t e d i n t o t h e v e n t r i c u l a r w a l l and a c t as a S t a r l i n g r e s i s t o r on t h e c o r o n a r y v a s c u l a r bed.
We c a l c u l a t e d an index o f peak v e n t r i c u l a r w a l l s t r e s s ( 7 ) by m u l t i p l y i n g peak v e n t r i c u l a r p r e s s u r e by t h e r a t i o o f v e n t r i c u l a r f r e e w a l l w e i g h t t o body w e i g h t ( r = P x W,,/WR) ( 2 ) . The adequacy o f myocardial oxygen d e l i v e r y was . -e s t i m a t e d by c a l c u l a t i n g t h e r a t i o o f r i g h t t o l e f t v e n t r i c u l a r oxygen d e l i v e r y p e r u n i t peak s y s t o l i c w a l l s t r e s s ( 2 ) . T h i s r a t i o renoves v a r i a b l e s cornon t o b o t h v e n t r i c l e s such as h e a r t r a t e and a r t e r i a l b l o o d oxygen c o n t e n t . and a c c o r d i n g l y . c o n t a i n s o n l y r i g h t and l e f t v e n t r i c u l a r flow, peak s y s t o l i c p r e ss u r e and w e i g h t ( f r o m t h e w a l l s t r e s s c a l c u l a t i o n ) .
The
normalized d i s t r i b u -t i o n o f f l o w w i t h i n t h e sub r e g i o n s o f t h e r i g h t and l e f t v e n t r i c l e and septum
was computed b y d i v i d i n g t h e f l o w p e r u n i t w e i g h t o f each sub r e g i o n b y f l o w p e r u n i t w e i g h t o f each region. T h i s g i v e s a measure of d e v i a t i o n from u n i f o r m f l o w f o r each r e g i o n a t each s t a t e s t u d i e d .
RESULTS
The age a t t i m e o f study, body weight, measured pressures and f l o w s i n t h e r e s t i n g , i s o p r o t e r c n o l and two d e x t r a n s t a t e s f o r t h e f i v e c o n t r o l and f i v e banded lambs a r e g i v e n i n Table I . C o n t r o l lamb number 1 was s t u d i e d o n l y i n t h e r e s t i n g s t a t e because of t e c h n i c a l problems. The r a t i o o f r i g h t v e n t r i c ul a r d r y t o wet w e i g h t was s i m i l a r i n t h e c o n t r o l and banded groups. 0.149' 0.0057 and 0.152.0.0055 (mean : 1 s t a n d a r d d e v i a t i o n s of mean) r e s p e c t i v e l y . None o f t h e lambs had a p a t e n t foramen ovale. p l e u r a l e f f u s i o n o r a s c i t e s . Banded lamb number 2 had an e n l a r g e d l i v e r .
F i g u r e 1 shows t h e r a t i o o f r i g h t v e n t r i c u l a r f r e e w a l l w e i g h t t o t o t a l body w e i g h t f o r b o t h groups as a f u n c t i o n o f age.
I n general, t h e banded lambs tended t o m a i n t a i n a c o n s t a n t r i g h t v e n t r i c u l a r w e i g h t t o t o t a l body w e i g h t r a t i o over t h e t h i r t e e n day s t u d y p e r i o d , and tended t o be i n t h e sane range as a s i m i l a r group o f banded lanbs s t
onstrated except t h a t t h e c o n t r o l group tended t o have h i g h e r r e g i o n a l b l o o d flows t o a l l t h r e e r e g i o n s i n t h e i s o p r o t e r e n o l s t a t e when compared t o t h e r e g i o n a l b l o o d flows i n s i x t y day o l d c o n t r o l lambs ( 2 ) . R i g h t v e n t r i c u l a r f r e e w a l l coronary v a s c u l a r r e s i s t a n c e i s g i v e n i n F i g u r e 5 f o r t h e r e s t i n g , i s o p r o t e r e n o l and d e x t r a n s t a t e s as a f u n c t i o n o f age. I n t h e r e s t i n g s t a t e , r i g h t v e n t r i c u l a r coronary v a s c u l a r r e s i s t a n c e was lower i n t h e banded group than i n t h e c o n t r o l group. T h i s d i f f e r e n c e was s i m i l a r t o t h a t seen i n t h e o l d e r lambs ( 2 ) . The c o n t r o l lambs i n t h e i s o p r ot e r e n o l and d e x t r a n s t a t e s tended t o have a l o w e r r i g h t v e n t r i c u l a r coronary
v a s c u l a r r e s i s t a n c e than t h e o l d e r lambs ( s i g n i f i c a n t a t p < 0.01 f o r d e x t r a n by u n p a i r e d t t e s t ) . R i g h t v e n t r i c u l a r coronary r e s i s t a n c e i n t h e banded l a v b s i n t h e i s o p r o t e r e n o l and d e x t r a n s t a t e s was n o t d i f f e r e n t from values r e p o r t e d i n o l d e r banded l a r b s ( 2 ) .
The r a t i o o f r i g h t t o l e f t v e n t r i c u l a r oxygen d e l i v e r y p e r u n i t peak s y s t o l i c w a l l s t r e s s ( 2 ) i s g i v e n i n F i g u r e 6 f o r t h e r e s t i n g and two s t r e s s s t a t e s as a f u n c t i o n o f age. I n general, b o t h t h e banded and c o n t r o l lambs t e n d~d t o have a s i n~i l a r supply t o rlt,s~.lnd r a t i o o v c r t h e t h i r t e c r l day s t u d y p e r i o d . These values were lower than those p r e v i o u s l y found i n an o l d e r banded group o f lanibs i n a l l t h r e e s t u d y s t a t e s ( 2 ) .

Table I 1 g i v e s t h e mean and s t a n d a r d d e v i a t i o n o f t h e mean f o r t h e t r a n smural d i s t r i b u t i o n o f r i g h t v e n t r i c u l a r c o r o n a r y b l o o d f l o w measured w i t h t h e f i l t e r e d 4-12 m i c r o n diameter spheres f o r t h e r e s t i n g , i s o p r o t e r e n o l and dext r a n s t a t e s . I n general, t h e m i d w a l l of t h e r i g h t v e n t r i c l e had a h i g h e r f l o w t h a n b o t h t h e subendocardial ( i n n e r ) and s u b e p i c a r d i a l ( o u t e r ) l a y e r s . There was no d i f f e r e n c e i n transmural d i s t r i b u t i o n between t h e banded and c o n t r o l group.
DISCUSSION The r e s u l t s o f t h i s s t u d y a r e o f i n t e r e s t from two aspects: F i r s t , t h e f i n d i n g o f reduced c a r d i a c f u n c t i o n a l r e s e r v e i n larrbs w i t h p e r s i s t e n t r i g h t v e n t r i c u l a r hypertension; and second. t h e f i n d i n g o f s u b s t a n t i a l c o r o n a r y r e s e r v e i n b o t h c o n t r o l and banded lambs.
The l i m i t a t i o n s and c r i t i c i s m s o f c o n v e n t i o n a l v e n t r i c u l a r f u n c t i o n curves i n i n t a c t experimental animals and man a r e a p p l i c a b l e t o t h i s s t u d y . S p e c i f ic a l l y . increases i n p r e l o a d induced by volume i n f u s i o n may a l s o change a f t e rl o a d and p o s s i b l y c o n t r a c t i l e s t a t e . thereby p r o d u c i n g an i n f l u e n c e on myocard i a l p e r f o m a n c e ( c a r d i a c o u t p u t ) i n a d d i t i o n t o t h a t o f p r e l o a d o r t h e Frank-S t a r l i n g mechanism. The use o f a t r i a l pressure t o e s t i m a t e end d i a s t o l i c f i b e r l e n g t h o r v e n t r i c u l a r geometry assumes t h a t d i a s t o l i c compliance i s s i m i l a r
between banded and unbanded groups and t h i s may n o t be so. However. i f v e n t r ic u l a r c o n~p l i a n c e were decreased i n t h e banded lambs, t h i s would be an explanat i o n f o r i m p a i r e d r i g h t and/or l e f t v e n t r i c u l a r f u n c t i o n .
There are two a d d it i o n a l p o t e n t i a l sources o f e r r o r . One i s t h e p o s s i b i l i t y t h a t t h e foramen o v a l e was p a t e n t r e s u l t i n g i n an i n t r a -a t r i a l shunt. T h i s would cause t h e r i g h t and l e f t v e n t r i c u l a r o u t p u t s t o d i f f e r . and i f t h e shunt was l e f t t o r i g h t cause an e r r o r i n t h e microsphere c a r d i a c o u t p u t measurements. However. we d i d n o t i d e n t i f y a p a t e n t foramen o v a l e i n any lamb. F u r t h e r . l e f t a t r i a l p r e s s u r e was h i g h e r than r i g h t i n most s t a t e s i n a l l lan~bs. A second p o s s i b l e source o f e r r o r was t h e use of t h e i s o p r o t e r e n o l s t r e s s s t a t e p r i o r t o d e x t r a n i n f u s i o n .
Our f i n d i n g o f i m p a i r e d r i g h t v e n t r i c u l a r f u n c t i o n i n t h e banded lambs i n t h e e a r l y neonatal p e r i o d i s s i m i l a r t o t h a t o f Heymann and Rudolph ( 1 1 ) i n normal f e t a l lambs i n u t e r o . However, t h e r e l a t i v e l y normal r i g h t v e n t r i c u l a r f u n c t i o n curves i n t h e c o n t r o l group suggests t h a t i m p a i r e d f e t a l r i g h t v e n t r i c u l a r f u n c t i o n i s c o r r e c t e d d u r i n g t h e n e o n a t a l p e r i o d . ln~provcment i n r i g h t v e n t r i c u l a r f u n c t i o n a l r e s e r v e i n normal l a r b s may i n p a r t be due t o t h e f a l l i n r i g h t v e n t r i c u l a r p r e s s u r e a t b i r t h . The i m p a i r e d r i g h t v e n t r i c u l a r f u n c t i o n i n t h e banded group i n o u r s t u d y i s i n c o n t r a s t t o r e l a t i v e l y normal r i g h t v e n t r i c u l a r f u n c t i o n i n lambs s t u d i e d 6 t o 12 weeks a f t e r pulmonary a r t e r y banding ( 2 ) .
Comparison of r i g h t v e n t r i c u l a r s t r o k e work and r i g h t a t r i a l pressures b e f o r e and a f t e r d e x t r a n i n o u r p r e v i o u s s t u d y ( 2 ) shows t h a t (14) . and i ncreased l e f t v e n t r i c u l a r c o n n e c t i v e t i s s u e (18) . However, comparison o f l e f t v e n t r i c u l a r s t r o k e work and l e f t a t r i a l p r e s s u r e s b e f o r e and a f t e r d e x t r a n i n o u r p r e v i o u s s t u d y ( 2 ) shows t h a t t h e o l d e r c o n t r o l and banded lambs had l e f t v e n t r i c u l a r f u n c t i o n c u r v e s s i m i l a r t o t h e c o n t r o l lambs i n t h i s study. There i s , however. no i n f o r m a t i o n on l e f t v e n t r i c u l a r b i o c h e m i c a l o r f u n c t i o n a l changes e a r l y a f t e r p r o d u c t i o n o f r i g h t v e n t r i c u l a r h y p e r t e n s i o n .
t w h i c h measurements were made i n t h e p r e s e n t s t u d y (4-17 days) i s w i t h i n t h e " i n j u r y phase" d e s c r i b e d b y Meerson e t . a l . (17). whereas t h e o l d e r lambs ( 2 ) were i n t h e compensated o r s t a b l e h y p e r t r o p h y p e r i o d (17). T h i s i s c o n s i s t e n t w i t h t h e concept t h a t v e n t r i c u l a r f u n c t i o n i s i m p a i r e d d u r i n g t h e i n j u r y p e r i o d o f m y o c a r d i a l h y p e r t r o p h y . b u t r e l a t i v e l y normal d u r i n g t h e s t a b l e s t a t e ( 1 7 ) . F u r t h e r , t h i s suggests t h a t maintenance o f r i g h t v e n t r i c u l a r a f t e r l o a d a f t e r b i r t h i s n o t j u s t a c o n t i n u a n c e o f t h e n e o n a t a l s t a t e , b u t an i n c r e a s e d s t r e s s o n t h e r i g h t v e n t r i c l e . C l o s u r e o f t h e foramen o v a l e a f t e r b i r t h e l i m i n a t e s t h e n e o n a t a l r i g h t t o l e f t shunt, t h e r e b y i n c r e a s i n g r i g h t v e n t r i c u l a r s t r o k e volume, an i n c r e a s e i n r i g h t v e n t r i c u l a r s t r e s s . T h i s c o u p l e d w i t h maintenance of r i g h t v e n t r i c u l a r a f t e r l o a d i n t h e p o s t -n a t a l p e r i o d may
The decrease i n r i g h t v e n t r i c u l a r w e i g h t t o t o t a l body w e i g h t r a t i o i n t h e c o n t r o l lambs i n t h e f i r s t two and one-half weeks o f l i f e as compared t o t h e maintenance o f a n e a r c o n s t a n t w e i g h t r a t i o i n t h e banded lambs suggests t h a t p e r s i s t e n t r i g h t v e n t r i c u l a r h y p e r t e n s i o n i n t h e p o s t n a t a l p e r i o d maint a i n s s t i m u l u s t o r i g h t v e n t r i c u l a r growth n o t p r e s e n t i n normal lambs. The d i f f e r e n c e i n w e i g h t r a t i o between t h e two groups i s n o t due t o m y o c a r d i a l edema because t h e r i g h t v e n t r i c u l a r w e t t o d r y w e i g h t r a t i o s were n o t d i f f e r e n t .
R i g h t v e n t r i c u l a r c o r o n a r y f l o w p e r u n i t w e i g h t was l o w e r t h a n s e p t a l and l e f t v e n t r i c u l a r f l o w i n t h e c o n t r o l group a t r e s t , as i s u s u a l l y found i n o l d e r a n i m a l s (5.7.10.12).
Conversely, r i g h t v e n t r i c u l a r f l o w p e r u n i t w e i g h t was equal t o o r g r e a t e r t h a n s e p t a l and l e f t v e n t r i c u l a r f l o w i n t h e banded lambs a t r e s t . F u r t h e r , r e s t i n g r i g h t v e n t r i c u l a r f l o w i n banded lambs was s i g n i f i c a n t l y h i g h e r t h a n i n c o n t r o l lambs. T h i s suggests an i n c r e a s e i n oxygen demand p e r u n i t w e i g h t o f r i g h t v e n t r i c u l a r myocardium i n t h e banded group, and i s c o n s i s t e n t w i t h c a l c u l a t e d h i g h e r v a l u e s o f r i g h t v e n t r i c u l a r w a l l s t r e s s i n t h e banded group (Table I ) . However. t h e r a t i o o f r i g h t t o l e f t v e n t r i c u l a r oxygen s u p p l y t o demand r a t i o was s i m i l a r i n t h e c o n t r o l and banded groups and, i n g e n e r a l , l o w e r t h a n t h a t seen i n banded o l d e r lambs ( 2 ) . We have found t h e r a t i o o f r i g h t t o l e f t v e n t r i c u l a r oxygen s u p p l y t o demand t o be more s e n s i t i v e t o d i f f e r e n c e s between banded and c o n t r o l groups t h a n v a l u e s f o r t h e r i g h t v e n t r i c l e a l o n e because t h e r a t i o method removes v a r i a b i l i t y comnon t o b o t h v e n t r i c l e s such as h e a r t r a t e , a r t e r i a l b l o o d oxygen c o n t e n t and t h e v a r i a b i l i t y o f t h e m i c r o s p h e r e a r t e r i a l r e f e r e n c e sample method ( 2 ) . D u r i n g i s o p r o t e r e n o l i n f u s i o n r e g i o n a l f l o w s t o a l l t h r e e r e g i o n s o f t h e h e a r t i nc r e a s e d f r o m r e s t i n g l e v e l s i n a l l c o n t r o l lambs and i n 4 o f 5 banded lambs. d e m o n s t r a t i n g r e s t i n g c o r o n a r y v a s c u l a r r e s e r v e i n b o t h groups. Banded lamb number 2 was c l e a r l y i n r i g h t v e n t r i c u l a r f a i l u r e . p r o b a b l y from t o o severe a c o n s t r i c t i o n o f t h e pulmonary a r t e r y , and had a v e r y h i g h r e s t i n g r i g h t v e n t r ic u l a r m y o c a r d i a l b l o o d f l o w w h i c h d i d n o t change w i t h s t r e s s . The remainder o f t h e banded as w e l l as t h e c o n t r o l lambs had a decrease i n r i g h t v e n t r i c u l a r c o r o n a r y v a s c u l a r r e s i s t a n c e i n b o t h t h e i s o p r o t e r e n o l and d e x t r a n s t r e s s s t a t e s . T h i s c o u p l e d w i t h t h e s i m i l a r i t y o f t h e t r a n s m u r a l d i s t r i b u t i o n o f r i g h t v e n t r i c u l a r f l o w i n b o t h groups makes t h e p o s s i b i l i t y o f i m p a i r e d r i g h t v e n t r i c u l a r f u n c t i o n because o f inadequate c o r o n a r y b l o o d f l o w seem u n l i k e l y . However, s i n c e we d i d n o t t e s t f o r f u r t h e r r i g h t v e n t r i c u l a r c o r o n a r y v a s c u l a r r e s e r v e i n t h e d e x t r a n s t r e s s s t a t e s we cannot be c e r t a i n t h a t c o r o n a r y f l o w was n o t maximal and t h u s f u n c t i o n i m p a i r e d b y inadequate oxygen supply. 
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F i g u r e 6. Estimate o f r i g h t v e n t r i c u l a r oxygen supply t o demand r a t i o a t age 2 U7 E 1.5 o f study. Values on r i g h t o f each panel a r e (mean t ZSDM) r a t i o s f o r comparable group a t a mean age o f 60 days ( 2 ) (' p < 0.05).
